Abstract -Some o f t h e concepts and t h e o r e t i c a l techniques employed i n recent ab i n i t i o studies o f t h e e l e c t r o n i c and s t r u c t u r a l p r o p e r t i e s o f surfaces and i n t e r f a c e s are discussed. Results o f t o t a l energy c a l c u l a t i o n s f o r the 2x1 reconstructed diamond (111) surface and f o r stacking f a u l t s i n S i are reviewed.
Much of the t h e o r e t i c a l work i n t h i s area i n t h e p a s t has been focused on the e l e c t r o n i c p r o p e r t i e s o f t h e i n t e r f a c e s w i t h o u t consideration o f t h e i r t o t a l energetics /I/. Thus, the geometric s t r u c t u r e s were necessary i n p u t t o the calculations. The s i t u a t i o n , however, i s changing r a p i d l y . I n the l a s t few years, i t has become possible t o c a l c u l a t e from f i r s t p r i n c i p l e s the d e t a i l e d e l e c t r o n i c and s t r u c t u r a l p r o p e r t i e s o f m a t e r i a l s and t h e i r surfaces. With b a s i c a l l y the atomic number and atomic mass o f the c o n s t i t u e n t atoms as input, many s t a t i c and dynamical p r o p e r t i e s /2/ (e.g., cohesive energies, l a t t i c e constants, b u l k moduli, phonon spectra, c r y s t a l structures, etc.) have been c a l c u l a t e d t o w i t h i n a few percent o f experiment. This development i s made possible because o f recent advances i n t h e pseudopotential theory and t o t a l energy cal c u l a t i onal techniques. I t has opened up many e x c i t i n g p o s s i b i l i t i e s f o r the study o f i n t e r f a c e s since t h e r e i s l i t t l e technical d i f f e r e n c e between a surface which i s a vacuum-solid i n t e r f a c e and a s o l i d -s o l i d i n t e r f a c e /3/. I n t h i s paper, we describe two recent a p p l i c a t i o n s o f t h e theory as examples. One involves t h e p r e d i c t i o n o f t h e geometry o f the diamond (111) surface /4/, and t h e o t h e r i s a c a l c u l a t i o n of t h e p r o p e r t i e s o f stacking f a u l t s i n S i /5/. The paper i s organized i n the f o l l o w i n g manner. I n Sec. 11, a s h o r t d e s c r i p t i o n of the t h e o r e t i c a l methods i s given. Section I 1 1 presents a b r i e f review o f past s e l f -c o n s i s t e n t c a l c u l a t i o n s i n which o n l y t h e e l e c t r o n i c p r o p e r t i e s were considered. Results from two recent t o t a l energy c a l c u l a t i o n s are presented i n Sec. I V . The bonding p r o p e r t i e s and s t r u c t u r e o f the diamond (111) surface are discussed, and a minimum energy geometry f o r the 2x1 reconstructed surface i s determined. Also presented i s a study o f the i n t r i n s i c and e x t r i n s i c stacking f a u l t s i n Si. The stacking f a u l t energies are obtained and found t o be i n good agreement w i t h experimental values. The Hellmann-Feynman forces are c a l c u l a t e d t o study t h e forces on atoms near the f a u l t s . Localized d e f e c t (surface and f a u l t ) s t a t e s are determined and t h e i r p r o p e r t i e s analyzed. F i n a l l y , Sec. V presents a sumnary.
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I 1 -THEORETICAL METHODS
The general approach involves reducing the many-body problem t o t h a t o f a s e t o f s e l f -c o n s i s t e n t f i e l d equations f o r the electrons. For ground-state properties, t h i s i s achieved, i n p r i n c i p l e , using t h e d e n s i t y f u n c t i o n a l formal ism /6,7/. The eigenvalues o f t h e r e s u l t i n g s i n g l e -p a r t i c l e equations, the Kohn-Sham equations, are a1 so o f t e n i n t e r p r e t e d as e x c i t a t i o n energies w i t h reasonable r e s u l t s when analyzing the spectroscopic p r o p e r t i e s o f m a t e r i a l systems, although t h e r e i s no formal j u s t i f i c a t i o n f o r such association. The approach i s ab i n i t i o i n t h a t the o n l y i n p u t t o the c a l c u l a t i o n i s i n f o r m a t i o n about t h e c o n s t i t u e n t atoms and a s e t o f p o s s i b l e s t r u c t u r a l topologies among which a minimal energy s t r u c t u r e i s derived.
The e f f e c t i v e one-electron eauations i n t h i s formalism are o f t h e form ( i n atomic u n i t s ) :
where V e x t i s the external p o t e n t i a l seen by the e l e c t r o n s and VH i s t h e e l e c t r os t a t i c o r Hartree p o t e n t i a l .
i s the exchange-correlation p a r t o f the e f f e c t i v e p o t e n t i a l which i s given by pGXz 6Exc/6n where Ex, i s the exchange-correlation energy o f t h e system. F i n a l l y , t h e density n i s obtained from t h e o n e -p a r t i c l e wavefunctions N where N i s the number o f electrons i n the system. What remains i s the s p e c i f i c a t i o n Since the exact f u n c t i o n a l i s n o t known, the most widely used scheme 9: :fiz'local d e n s i t y approximation (LDA) /7/:
where c$(n) i s the exchange-correlation energy d e n s i t y of the homogeneous e l e c t r o n gas o f d e n s i t y n. Several parameterizations o f e l e c t r o n gas data are i n common use.
I n t h e pseudopotential approach, the s o l i d i s considered t o be composed o f r i g i d i o n cores and the valence e l e c t r o n s which are i t i n e r a n t . The s e l f -c o n s i s t e n t f i e l d equations are c a r r i e d out o n l y f o r the valence electrons. The external p o t e n t i a l VeXt due t o the cores are modeled by superposition o f i o n i c pseudopotent i a l s which are constructed from a knowledge o f o n l y the atomic numbers. The e l e c t r o n wavefunctions are obtained by s o l v i n g t h e Kohn-Sham equations using a basis s e t expansion i n e i t h e r plane waves o r l o c a l i z e d o r b i t a l s .
Once the one-electron wave equation has been solved, the t o t a l energy o f the system may be evaluated by adding the core-core and e l e c t r o n -e l e c t r o n i n t e r a c t i o n energies t o the core-electron i n t e r a c t i o n energy /8/.
The t o t a l energy i s u s u a l l y cast i n the form where the sum i s over a l l occupied states and Eion-ion i s the e l e c t r o s t a t i c i n t e ra c t i o n energy among the bare ions. Once the lowest energy s t r u c t u r e i s found, the o t h e r s o l i d s t a t e p r o p e r t i e s can be computed.
An i n t e r f a c e being a d e f e c t t o an otherwise p e r f e c t c r y s t a l poses a d d i t i o n a l c o n s t r a i n t s t o t h e c a l c u l a t i o n s . One i s the l a c k o f t r a n s l a t i o n a l symmetry because o f t h e i n t e r f a c e . This can be overcome i n two ways. One approach i s t o match wavefunctions across the i n t e r f a c e allowi'ng both extended and decaying states.
Another i s t o use the so-called supercell method i n which the i n t e r f a c e i s repeated i n d e f i n i t i v e l y w i t h c e r t a i n separation t o prevent i n t e r a c t i o n between i n t e r f a c e s . This method allows the use o f standard band s t r u c t u r e techniques since p e r i o d i c i t y i s mathematically restored. I t i s the most common and i s the method employed f o r the studies discussed here. Another c o n s t r a i n t i n i n t e r f a c e studies i s the requirement o f d e t a i l e d self-consistency i n t h e c a l c u l a t i o n s because o f the p o s s i b l y important charge rearrangement near the i n t e r f a c e . Q u a n t i t i e s such as atomic rearrangements and i n t e r f a c i a l formation energies are s e n s i t i v e t o such charge rearrangements.
I 1 1 -SELF-CONSISTENT CALCULATIONS I n t h e 19701s, many surfaces and i n t e r f a c e s were studied using t h e s e l f -c o n s i s t e n t pseudopotential method /1,9/.
I n these studies, the e l e c t r o n i c s t r u c t u r e was c a l c u l a t e d s e l f -c o n s i s t e n t l y f o r an assumed s t r u c t u r e . However, no attempt was made t o compute the lowest t o t a l energy s t r u c t u r e because o f t h e o r e t i c a l and computational d i f f i c u l t i e s . Thus, i n the scheme described i n Sec. 11, the steps f o r t o t a l energy evaluation were n o t c a r r i e d out. The atomic p o s i t i o n s were e i t h e r i n f e r r e d i n d i r e c t l y from experiments o r taken t o be those o f i d e a l i z e d models. Nevertheless, from these e l e c t r o n i c s t r u c t u r e calculations, a g r e a t deal has been learned about surfaces and i n t e r f a c e s , and the r e s u l t s o f t e n provided the needed i n t e r p r e t a t i o n s and explanations o f experimental observations.
These s e l f -c o n s i s t e n t pseudopotential studies included metal and semiconductor surfaces, metal-semiconductor i n t e r f a c e s (Schottky b a r r i e r s ) , semiconductorsemiconductor interfaces (heterojunctions), and stacking f a u l t s . I n t h i s section, we b r i e f l y describe one a p p l i c a t i o n t o i l l u s t r a t e some o f the t h e o r e t i c a l concepts and techniques used i n studying i n t e r f a c i a l systems and a l s o the l i m i t a t i o n s o f t h e approach w i t h o u t t o t a l energy and f o r c e 0.5 information.
For a given s t r u c t u r e , the c a l c u l a t i o n s y i e l d a host o f i n f o r m a t i o n on the e l e c t r o n i c p r o p e r t i e s i n c l u d i n g the i n t e r f a c e energy bands, charge d e n s i t i e s , l o c a l d e n s i t i e s o f states, and so f o r t h .
The c a l c u l a t e d l o c a l d e n s i t y o f s t a t e s (LDOS) which describes t h e e l e c t r o n energy spectrum as f u n c t i o n o f p o s i t i o n i n r e a l
space f o r an Al/Si (111) i n t e r f a c e /lo/. 
A1 side, t o t h a t o f b u l k S i i n r e g i o n V I
Energy (eVJ which i s the S i region f a r t h e s t from the i n t e r f a c e .
Fig. 1 -Local d e n s i t y o f states
near an A1 /Si (111) i n t e r f a c e . Region I V i s the t r a n s i t i o n region on the ( a r b i t r a r y u n i t s ) S i side and i s the most i n t e r e s t i n g region.
Unlike t h e b u l k LDOS, new metal-induced gap s t a t e s (MIGS) appear i n the S i band gap i n t h i s region. These s t a t e s a r e b u l k -l i k e i n t h e metal, have l a r g e amplitude i n the dangling bond s i t e s o f t h e S i surface, and decay r a p i d l y i n t o t h e semiconductor /lo/. I t i s these s t a t e s which determine the Schottky b a r r i e r p r o p e r t i e s . Localized i n t e r f a c e s t a t e s which decay i n both d i r e c t i o n s away from t h e i n t e r f a c e also e x i s t f o r t h i s system. The peak i n the valence band (labeled S ) a t -8.5 eV a r i s e s from such l o c a l i z e d states. Because these states are deep i n [he valence band, they do n o t c o n t r i b u t e t o t h e t r a n s p o r t p r o p e r t i e s o f t h e Schottky b a r r i e r s . From t h e Fermi l e v e l and t h e p o s i t i o n o f the conduction band minimum, t h e b a r r i e r h e i g h t can be evaluated as seen i n Fig. 1 . The calculated value i s 0.6 + 0.1 eV which i s i n very good agreement w i t h t h e measured value o f 0.6 eV /11/.
The MIGS i n t h e band gap are S i dangling bond surface states h y b r i d i z e d w i t h the continuum s t a t e s o f t h e metals. They are, therefore, h y b r i d s t a t e s which are intermediate between the Bardeen (surface s t a t e ) and the Heine ( m e t a l l i c t a i l s t a t e ) p i c t u r e s /12/. A t the i n t e r f a c e , the formation o f the MIGS and the subsequent d i p o l e p o t e n t i a l created due t o the occupation o f them equalize the Fermi l e v e l s o f the two m a t e r i a l s and determine the Schottky b a r r i e r height. S i m i l a r c a l c u l a t i o n s were done f o r the 111-V and 11-VI compound semiconductormetal i n t e r f a c e s /13/. The same qua1 i t a t i v e p i c t u r e emerged w i t h the t r e n d t h a t both t h e d e n s i t y o f MIGS and the penetration o f the MIGS i n t o the semiconductor decrease as the i o n i c i t y o r the band gap o f the semiconductor increases. This i s i n t u i t i v e since a bigger band gap imp1 i e s a l a r g e r e f f e c t i v e b a r r i e r f o r these s t a t e s t o penetrate i n t o the semiconductor. With the MIGS as a conceptual basis, a microscopic theory f o r the behavior o f the Schottky b a r r i e r has been constructed which, f o r example, explains the change i n b a r r i e r h e i g h t w i t h metal e l e c t r on e g a t i v i t y /13/.
The above example serves t o i l l u s t r a t e both t h e power and l i m i t a t i o n o f t h e s e l fconsistent pseudopotential method. Although we have learned much about the general e l e c t r o n i c nature o f metal-semiconductor i n t e r f a c e s , we have n o t gained i n f o r m a t i o n on t h e d e t a i l geometric s t r u c t u r e o r chemical bonding a t t h e i n t e r f a c e . Since experiments s t i l l cannot re1 i a b l y y i e l d i n t e r f a c i a l structures, t h i s i s a major deficiency f o r methods which must r e l y on experimentally determined geometries o r i d e a l i z e d models.
I V -TOTAL ENERGY CALCULATIONS I n t h e ab i n i t i o t o t a l energy calculations, the exact geometry i s no longer a r e q u i r e d input. The s t r u c t u r e i s determined by minimizing t h e t o t a l energy w i t h respect t o the atomic coordinates near the i n t e r f a c e f o r a given topology. Alternat i v e l y , the He1 lmann-Feynman forces on each atom are calculated, and the atoms are moved u n t i l a l l forces are zero. I n e i t h e r approach, the c a l c u l a t i o n must be done i t e r a t i v e l y since new forces develop Bn t h e i r neighbors when atoms are moved. Several cycles are u s u a l l y needed t o achieve a minimum energy, zero f o r c e s t r u c t u r e . I n t h i s approach, both e l e c t r o n i c and s t r u c t u r a l p r o p e r t i e s are obtained.
Several important f a c t o r s contributed t o the development and use of. ab i n i t i o t o t a l energy c a l c u l a t i o n s i n the 1980's /2/.
Among these a r e the refinements i n band s t r u c t u r e c a l cul a t i o n a l techniques, development o f approximations t o t h e d e n s i t y functional formal ism, i n v e n t i o n o f t h e ab i n i t i o pseudopotentials, and development o f techniques f o r c a l c u l a t i n g t o t a l energies and forces. I n t h i s section, we review two c a l c u l a t i o n s using t h i s approach--the diamond (111) surface as a prototype vacuum-sol i d i n t e r f a c e f o r tetrahedral covalent m a t e r i a l s and the i n t r i n s i c and e x t r i n s i c stacking f a u l t s along the [Ill] d i r e c t i o n i n S i as -examples o f i n t e r n a l i n t e r f a c e s .
A. Diamond (111) Surface
The determination o f surface s t r u c t u r e i s a major unsolved problem i n surface science. No d e f i n i t i v e experimental probe has been developed y e t f o r g i v i n g d e t a i l e d surface geometry. There are many models proposed t o e x p l a i n the experimental data for t h e diamond (111) surface as w e l l as f o r many other surfaces. Ab i n i t i o t o t a l The diamond (111) surface i s of interest as the insulating limit for the group IV (111) surfaces which show a remarkable variety of surface reconstructions, that i s , atomic rearrangements which result in a change in the ideal surface symmetry. Recent experiments indicate a hydrogen-terminated 1x1 surface a t room temperature, b u t the 2xl/2x2 surface seen by Low Energy Electron Diffraction (LEED) for surfaces cleaned by annealing t o above 1000 C i s apparently H-free 115-181. (LEED cannot distinguish between a true 2x2 or disordered domains of 2x1 for t h i s surface; the similarity of the angle-resolved photoemission to that of the 2x1 S i ( l l 1 ) and Ge(ll1) surfaces suggests the l a t t e r . ) Although there are many models proposed for this surface, the correct structure remains undetermined. In the study /4/, energy minimization i s carried out for a1 1 the topologically d i s t i n c t 2x1 models in the literature. These models are all motivated by experimental data such as those from LEED or angle-resolved photoemission experiments. The structures (See Fig. 2 .)
The calculated total energies for these models are summarized in Table 11 . The energy per surface atom for the ideal 1x1 model i s used as zero of energy. Relaxing the f i r s t two surface bonds ( Fig. 3(a) ) lowers the energy by 0.37 eV. Buckling of the 1x1 surface by raising and lowering alternate rows of surface atoms, on the other hand, i s found to raise the energy. Of the other three 2x1 models, the ideal Pandey chain model 1231 has the lowest energy. The Seiwatz single chain model i s clearly unfavorable, and the Chadi molecule model, which has the second lowest energy, has not been relaxed further because the calculated surface s t a t e dispersion i s inconsistent with angle-resolved photoemission 
t o a length which is approximately midway between t h a t of graphite and diamond. Another important r e s u l t i s t h a t , contrary t o some speculations, 8
dimerization of t h e chain i s found t o r a i s e the surface energy. The structure can be f u r t h e r relaxed by allowing t h e atoms below the f i r s t 6 two layers t o move. This movement relieves some of the bond angle s t r a i n s on the t h i r d layer atoms. The final f u l l y relaxed s t r u c t u r e has -4 an energy lowered by an additional 0.21 eV per surface atom.
-
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Once a minimum energy s t r u c t u r e i s determined, . and Ge. The r e s u l t s obtained a r e q u a l i t a t i v e l y t h e same. Namely, the relaxed a-bonded chain geometry y i e l d s the lowest t o t a l energy among the s t r u c t u r e s t e s t e d , and t h e surface band dispersions a r e i n good agreement with experiment but not the band positions.
From these r e s u l t s , the s t r u c t u r e and bonding a t t h i s surface can be described i n 1 which are h i g h l y unfavorable e n e r g e t i c a l l y . I n t h e n-bonded chain geometry, the surface i s O ys t a b i l i z e d by allowing the dangling bonds t o move i n t o near-neighbor p o s i t i o n s where they can Y p a r t i c i p a t e i n v bonding. However, t h i s geometry r e s u l t s i n l a r g e bond angle d i s t o r t i o n s which g i v e r i s e t o a s t r a i n energy. The second and t h i r d l a y e r atoms are, thus, forced t o move t o re1 ieve the s t r a i n s r e s u l t i n g i n a f i n a l relaxed geometry.
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The same general mechanism appears t o be operative f o r the (111) surfaces o f a l l three o f the group I V elements.
B. Stacking Faults i n Si
0
Stacking f a u l t s are probably the simplest o f the planar defects o r i n t e r n a l i n t e r f a c e s . For diamond s t r u c t u r e semiconductors, stacking f a u l t s along t h e [Ill) d i r e c t i o n correspond t o defects. There are, however, r a t h e r few t h e o r e t i c a l i n v e s t i g a t i o n s o f the stacking f a u l t s i n semiconductors. I n p a r t i c u l a r , t h e r e has not been a complete study f o r the t o t a l energy o r t h e s t r u c t u r e o f Si stacking f a u l t s i n the 1 i t e r a t u r e .
Experimentally, the i n f e r r e d stacking f a u l t energies f o r i are very small 3 (about 50-60 erg/cm ) /25,26/. A recent charge c o l l e c t i o n scanning e l e c t r o n microscopy experiment on an e x t r i n s i c stacking f a u l t i n ntype s i l i c o n suggested the existence o f stacking f a u l t s t a t e s w i t h energies a t about 0.1 eV below the cond u c t i o n band minimum /27/.
Photo-1 umi nescence spectra o f p l a s t i c a l l y deformed samples showed a defect s t a t e near 0.15 eV above the valence The stacking sequence along the ill11 n e t force on each atom i n t h i s i d e a l geomed i r e c t i o n i n the diamond s t r u c t u r e t r y i s marked i n u n i t s o f 10-2 Ry/a.u. i s AA'BB'CC. (See Fig. 5 .) An i n t r i n s i c stacking f a u l t (ISF) i s a planar defect corresponding t o a p a i r o f atomic planes missing from the i d e a l stacking sequence, and an e x t r i n s i c stacking f a u l t i s a d e f e c t r e s u l t i n g from adding a p a i r o f atomic planes (e.g., AA' i n s e r t e d between BB' and CC'). The atomic p o s i tions near the f a u l t s i n the (110) plane are shown i n Fig. 6 . For both types o f f a u l t s , the o r i e n t a t i o n o f the Si-Si bond i s r o t a t e d 120" from i t s normal d i r e c t i o n when passing through a f a u l t plane (dashed l i n e i n Fig. 6 ). As a consequence, for the atoms near a f a u l t (e.g., atom 2 i n Fig. 6(a) and atoms a and 4 i n Fig. 6 ( b ) ) , t h e numbers o f f i r s t and second nearest neighbors are not changed, b u t the number of t h i r d nearest neighbors i s reduced from 12 t o 9 w i t h one a d d i t i o n a l neighboring atom a t a distance s l i g h t l y l a r g e r than the second nearest-neighbor distance.
I n t h e c a l c u l a t i o n /5/, the geometries shown i n Fig. 6 are used t o c a l c u l a t e the t o t a l energies o f t h e ISF and the ESF. Supercells o f 10 (14) atoms are constructed f o r the ISF (ESF). The t o t a l energies o f t h e p e r f e c t c r y s t a l and t h a t o f the c r y s t a l w i t h stacking f a u l t s are compared t o o b t a i n t h e stacking f a u l t energies. Since we are c a l c u l a t i n g extremely small energy differences, g r e a t care i s needed i n t r e a t i n g the p e r f e c t c r y s t a l and the supercells w i t h the f a u l t s i n equal f o o t i n g numerically so t h a t the required p r e c i s i o n s o tained. The c a l c u l a t i o n s are c a r r i e d o u t using a plane wave basis w i t h (i+~)! up t o 10 Ry which corresponds t o about 70 plane waves per atom. Table I displays some o f the c a l c u l a t e d s t a t i c s t r u c t u r a l p r o p e r t i e s o f t h e S i p e r f e c t c r y s t a l using a six-atom supercell o f the same symmetry as the supercells containing the stacking f a u l t s . The calculated l a t t i c e constant i s 5.41 A, which i s i n e x c e l l e n t agreement w i t h the experimental value o f 5.43 A. A l l subsequent r e s u l t s are obtained a t t h i s calculated e q u i l i b r i u m l a t t i c e constant. The calculated stacking f a u l t energy i s 40 erg/cmZ and 26 erg/cm2 f o r the ISF and ESF r e s p e c t i v e l y . The u n c e r t a i n t y i n t h e t h e o r e t i c a l values r e s u l t i n g from the f i n i t e number o f planes waves and % p o i n t s i s estimated t o be 20%. The experimental values /25,26/ which are extracted using e l s t i c i t y models vary from 50 t o 70 erg/cmZ f o r the ISF and from 50 t o 60 erg/cml f o r the ESF. Thus, the theory i s i n reasonable agreement w i t h experiment. Although there has been previous t h e o r e t i c a l work /29-31/, t h i s i s the f i i -s t time t h a t stacking f a u l t energies are obtained from an ab i n i t i o s e l f -c o n s i s t e n t c a l c u l a t i o n . them. Also, t h e atoms belonging t o d i f f e r e n t double l a y e r s (e.g., atoms 3 and d i n Fig. 6(b) ) a l s o tend t o repel each other. The n e t e f f e c t i s t h a t the mis--o r i e n t e d bonds along the chain want t o move away from t h e bond d i r e c t l y below o r above it. Thus, these r e s u l t s p r e d i c t t h a t the f u l l y relaxed s t r u c t u r e f o r both ISF and ESF would be s l i g h t l y d i l a t e d along t h e [lll] d i r e c t i o n .
S i ISF
The c a l c u l a t e d energy bands i n the two-dimensional B r i l l o u i n zone a r e presented i n Fig i s p l o t t e d i n Fig. 8 . The s t a t e near the valence band maximum i s a bonding s t a t e w i t h charge -2 d e n s i t y mainly concentrated between f a u l t atoms ( Fig. 8 ( a ) ) .
The l e v e l p o s i t i o n o f t h i s s t a t e -3 ---i s c o n s i s t e n t w i t h the photolumin-W r K escence spectrum f i n d i n g /28/.
The s t a t e below the conduction F i g . 7 -Calculated stacking f a u l t states band minimum a t i s , on the other (dashed l i n e s ) f o r the ISF.
hand, an anti-bonding s t a t e ( Fig. 8(b) ). S i m i l a r stacking f a u l t states are found f o r the ESF.
V -SUMMARY
We have presented a review o f the ab i n i t i o pseudopotenti a1 density f u n c t i o n a l method f o r studying surfaces and i n t e r f a c e s .
Results from c a l c u l a t i o n s on t h e diamond (111) surface and the stacking f a u l t s i n S i are discussed. For the case o f the diamond surface, t h e bonding p r o p e r t i e s and s t r u c t u r e o f t h e 2x1 r e c o n s t r u c t i o n are examined. A f u l l y relaxed n-bonded geometry i s e l f -c o n s i s t e n t l y within t h e l o c a l d e n s i t y approximation. The a l l -e l e c t r o n wavefunctions and t h e pseudo-wavefunctions a r e i d e n t i c a l beyond a chosen core r a d i u s from t h e nucleus i n t h e Kerker scheme. This core r a d i u s has t o be chosen small enough t o ensure high degree of t r a n s f e r a b i l i t y o f t h e i o n i c p o t e n t i a l .
D.P. DiVincenzo: Are your r e s u l t s f o r t h e i n t r i n s i c and e x t r i n s i c stacking f a u l t s ( i n p a r t i c u l a r t h e boundary d i l a t a t i o n s and t h e valence-derived gap s t a t e ) q u a l i t a t i v e l y o r q u a n t i t a t i v e l y a p p l i c a b l e t o t h e coherent twin boundary i n Si?
S.G. Louie: We have some preliminary r e s u l t s on t h e S i twin boundary. It seems t h a t t h e q u a l i t a t i v e f e a t u r e s found f o r t h e i n s t r i n s i c and e x t r i n s i c stacking f a u l t s a l s o apply f o r t h e twin boundary.
R.C.
Pond: There is some experimental evidence supporting your suggestion t h a t t h e r e is some d i l a t i o n a t stacking f a u l t s i n S i . I f t h e r e is an expansion, it S.G. Louie: Yes. However, I believe t h e measured stacking f a u l t energies a r e only approximate s i n c e they a r e derived from experimental data using e l a s t i c i t y models.
follows t h a t t h e d i s l o c a t i o n s which bound stacking f a u l t s do n o t have t h e Burgers vectors usually assumed. Does t h i s imply t h a t t h e values
The r e v i s i o n s discussed h e r e a r e probably within t h e u n c e r t a i n t i e s of both t h e experimental and t h e o r e t i c a l values. M. Schluter: ( i ) Did you check hex diamond? Could it be t h a t a t high pressure t h e hex phase is lower i n energy than BC8? ( i i ) Is t h e stacking f a u l t s t a t e near t h e V B M s t a b l e a g a i n s t t h e r e l a x a t i o n s of t h e s t r u c t u r e ?
S.G. Louie: ( i ) A t present we have not c a l c u l a t e d carbon i n t h e hexagonal diamond s t r u c t u r e . Results from S i work show t h a t t h e hexagonal diamond s t r u c t u r e has s l i g h t l y higher energy than t h e cubic diamond s t r u c t u r e up t o very high pressure.
( i i ) Preliminary r e s u l t s i n d i c a t e t h a t they a r e s t a b l e . M. Riihle: ( i ) You determined t h e f o r c e s on t h e atoms i n S i i n ( o r near) a twin. The f o r c e s w i l l r e s u l t i n a r e l a x a t i o n o f t h e atomic s t r u c t u r e (observed by HREM).
W i l l t h e r e l a x a t i o n influence a l l your r e s u l t s ? ( i i ) Is it p o s s i b l e t o do s i m i l a r c a l c u l a t i o n s f o r metals?
S.G. Louie: ( i ) The c a l c u l a t e d value o f t h e f o r c e s i n d i c a t e s t h a t t h e r e l a x a t i o n w i l l be r a t h e r small. I expect only small changes i n t h e c a l c u l a t e d q u a n t i t i e r such a s t h e f a u l t energies and stacking f a u l t s t a t e positions. The existence o f these d e f e c t s t a t e s is not expected t o change. ( i i ) Yes. We can do s i m i l a r calculations f o r metals.
E. Molinari:
Could you comment about t h e comparison between your r e s u l t s and t h e experiments, a s f a r a s t h e presence o f stacking f a u l t s t a t e s i n t h e s i l i c o n bond gap is concerned? S.G.
Louie: The stacking f a u l t s t a t e s t h a t we f i n d near t h e t o p o f t h e valence band maximum agree well with a stacking f a u l t l e v e l observed i n photoluminescence measurements by Weber and Alexander (Ref. 28) . The other predicted d e f e c t s t a t e s w i l l be more d i f f i c u l t t o observe because they a r e not i n s i d e t h e minimum gap o f t h e S i projected band s t r u c t u r e .
